Introduction
We have recently obtained phosphonate/acetate-substituted titanium oxo/alkoxo clusters from Ti(OiPr) 4 and bis(trimethylsilyl) phosphonates in the presence of acetic acid (AcOH), which served for in situ water generation through ester formation with eliminated iPrOH. Oxo clusters of the composition Ti 6 O 4 (OiPr) 10 (OAc) 2 (O 3 PR) 2 were obtained with a large variety of functional and non-functional substituents R (Et, CH 2 Ph, CH 2 C 10 H 7 , CH=CH 2 , CH 2 CH=CH 2 , CH 2 CH 2 CH 2 Cl, CH 2 CH 2 CH 2 Br), and also when the reaction conditions were varied [1] . This cluster type, which is also retained in solution, therefore appears to be very robust. Other clusters were only obtained in two exceptional cases (see below).
We extended these investigations by using methacrylic acid (McOH) instead of acetic acid. Methacrylic acid could also produce water through in situ ester formation, but would additionally provide reactive ligands in the obtained clusters and thus allow incorporating such clusters in organic polymers by polymerization with organic comonomers (see review articles on cluster-crosslinked polymers [2, 3] ). Especially the combination of ligands with different organic functionalities in one cluster appeared attractive. In this article, we report the outcome of these reactions.
Results and discussion
The cluster Ti 5 (l 3 -O)(l 2 -OiPr) 4 (OiPr) 7 (OMc)(O 3 PEt) 3 (1) was formed when bis(trimethylsilyl) ethylphosphonate was reacted with methacrylic acid (McOH) and Ti(OiPr) 4 in a 1:1:3 molar ratio (Fig. 1 ). This cluster type was previously obtained, as an exception from general outcome of the reactions with acetic acid mentioned in the ''Introduction'', when bis(trimethylsilyl) 3-bromopropylphosphonate was reacted with acetic acid and Ti(OiPr) 4 in a 1:1:2 ratio at room temperature. The asymmetric unit of crystalline 1
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The structure of 1 is related to that of the clusters Ti 4 (l 3 -O)(l 2 -OiPr) 3 (OiPr) 5 (O 3 PR) 3 L (L = neutral ligand) [4] [5] [6] [7] , which consist of a symmetrical Ti 3 (l 3 -O)(l 2 -OiPr) 3 (OiPr) 3 unit (Ti(1)-Ti(3) in Fig. 1 to which a Ti(OiPr) 2 L group is connected by means of three phosphonate ligands. In 1, the capping Ti(OiPr) 2 L group is replaced by a Ti 2 (l 2 -OiPr)(OiPr) 4 (l 2 -OMc) moiety (Ti (4) and Ti(5) in Fig. 1) . Two of the phosphonate ligands are coordinated to only one Ti atom of the Ti 2 unit and have a 3.111 binding mode (w.xyz refers to the number of metal atoms to which the phosphonate ligand is coordinated [w] , and the number of metal atoms to which each oxygen is coordinated [x, y, z] [8]), while the third bridges both of them and has a binding mode of 4.211. The degree of condensation of 1 is 0.2 (O/Ti ratio of the cluster core), while it is 0.67 for the clusters Ti 6 O 4 (OiPr) 10 -(OAc) 2 (O 3 PR) 2 obtained with acetic acid under the same conditions. This indicates that ester ? water formation of methacrylic acid, relative to the rate of substitution [9] , is slower than that of acetic acid. 1 (Fig. 2 ) was obtained after crystallization from CH 2 Cl 2 . It is noteworthy that 3 contains no oxo groups, but more OiPr groups were substituted by OMc or O 3 PR ligands compared to 1 and 2. The different outcome of this reaction, compared to 1 and 2, may be due to the higher reaction temperature. We have previously shown that higher reaction temperatures favor substitution over ester formation [9] .
The structure of 3 consists of two Ti 5 (OiPr) 8 (OMc) 2 -(O 3 P-allyl) 5 units, which are bridged by two (3.111) phosphonate ligands. The Ti 5 units are composed of methacrylate-bridged dimers Ti 2 (l 2 -OiPr)(OiPr) 3 (OMc) (Ti(2), Ti(5)) and Ti 2 (OiPr) 3 (OMc) (Ti(3), Ti(4)), respectively, which are connected through phosphonate ligands among each other as well as to the fifth titanium atom (Ti (1)). Each of the octahedrally coordinated titanium atoms is at least bound to two different phosphonate ligands; Ti(1) is coordinated by five different oxygen atoms of phosphonate ligands and one OiPr ligand. The complexity of the structure of 3 is also reflected in the different binding modes of the phosphonate ligands, of which six are 3.111, two are 3.211, and two are 4.211.
The reactions leading to 1, 2, and 3 show that clusters with a noticeably lower degree of condensation were formed compared to analogous reactions with acetic acid [1] . This is most probably due to the lower reaction rate of ester formation between methacrylic acid and isopropyl alcohol compared to that of acetic acid [10] . This assumption was proven by the deliberate addition of water to the reaction mixture. Thus, when bis(trimethylsilyl) 3-bromopropylphosphonate, methacrylic acid, Ti(OiPr) 4 , and water were reacted in a 1:1:3:2 ratio, the cluster Ti 6 O 4 (OiPr) 10 (OMc) 2 (O 3 PCH 2 CH 2 CH 2 Br) 2 (4) (Fig. 3 ) was obtained. The cluster 4 is isostructural to Ti 6 O 4 (OiPr) 10 (OAc) 2 -(O 3 PCH 2 CH 2 CH 2 Br) 2 obtained with acetic acid [1] . 
The centrosymmetric cluster 4 is isostructural to the previously reported acetate-substituted clusters Ti 6 O 4 (OiPr) 10 (OAc) 2 (O 3 PR) 2 [1] . The cluster core is formed by two parallel, unsymmetrically substituted Ti 3 (l 3 -O)(l 2 -OiPr) 2 NMR data show that the structure of 4, especially also their inversion symmetry is retained in solution. Thus, one signal was observed in the 31 P NMR spectrum at 27.34 ppm. In the 1 H NMR spectrum five doublets for the methyl groups of the OiPr ligands were observed and three signals for the CH groups (at 4.86, 4.97, and 5.33 ppm) the latter two with double intensity. One singlet at 2.08 ppm and two multiplets at 5.41 and 6.36 ppm can be assigned to the two OMc ligands. In the 13 C NMR spectrum only one doublet for each P-CH 2 group was found and one set of signals for the OMc ligands. The signals of the OiPr ligands were partly overlapping. The clusters 5-12 with a great variety of functional or non-functional phosphonate ligands were obtained according to Scheme 1 by the same synthesis procedure as that for 4. The 1 H, 31 P, and 13 C NMR spectra of 5-12 are similar to that of 4.
Conclusions
The first step in reactions of metal alkoxides with carboxylic or phosphonic acids is the substitution of an OR ligand by a carboxylate or phosphonate ligand. The thus liberated alcohol can undergo ester formation with the carboxylic or phosphonic acid, which produces water that hydrolyzes part or all of the remaining M-OR groups. Thus two reactions, viz. substitution and ester formation, compete with each other, and their relative rate is one of the decisive parameters influencing the outcome of such reactions. How the clusters are formed from the initially formed M(OR) x (carboxylate/phosphonate) y derivatives has not been elucidated in any case. The situation becomes even more complex when two different metal alkoxides or, as in the present case, two different acids are involved.
In previous work, we had preferentially obtained phosphonate/acetate-substituted titanium oxo/alkoxo clusters of the composition Ti 6 O 4 (OiPr) 10 (OAc) 2 (O 3 PR) 2 from Ti(OiPr) 4 and bis(trimethylsilyl) phosphonates in the presence of acetic acid (AcOH) [1] . The results of the work reported in this article show that the degree of condensation of the obtained clusters (1 and 2) was lower when acetic acid was replaced by methacrylic acid. In one case, the product (compound 3) contained no oxo groups at all. This can be taken as evidence that the rate of esterification of methacrylic acid is lower than that of acetic acid.
The lower esterification rate can be compensated, however, by controlled addition of a stoichiometric amount of ''external'' water. The thus obtained methacrylate/ phosphonate-substituted clusters 4-12, with a very wide variety of phosphonate ligands, are isostructural to the acetate-substituted clusters Ti 6 O 4 (OiPr) 10 (OAc) 2 (O 3 PR) 2 obtained in earlier experiments [1] . Incorporation of the polymerizable OMc ligands is a very interesting option for the preparation of cluster-crosslinked polymers [2, 3] , especially because this allows the combination (a) of reactive and non-reactive ligands as well as (b) ligands with different organic functionalities in a controlled manner in one cluster.
Experimental
All operations were carried out in a moisture-and oxygenfree argon atmosphere using Schlenk techniques. Isopropyl alcohol was dried by refluxing twice over sodium metal and distillation. The bis(trimethylsilyl) phosphonates were prepared as reported before [1] . Compared to 4 and 5, the synthesis was slightly modified. In the synthesis of 6 660 mm 3 of Ti(OiPr) 4 (2.27 mmol) was added to a mixture of 200 mm 3 of bis(trimethyl)silyl vinylphosphonate (0.76 mmol) and 64 mm 3 of methacrylic acid (0.76 mmol) in 2 cm 3 of 2-propanol. Immediately afterwards, 27.3 mm 3 of water (1.52 mmol) diluted in 0.5 cm 3 of 2-propanol was added. Crystals of 6 were obtained after 3 days. The syntheses of 7-11 were analogous. The synthesis of 12 was done analogously, but the precursor solution was additionally heated after addition of water until a clear solution was obtained.
Methacrylate-phoshonate-substituted Ti 5 oxo clusters

X-ray structure analyses
All measurements were performed using MoK a radiation (k = 71.073 pm). Data were collected on a Bruker AXS SMART APEX II four-circle diffractometer with j-geometry at 100 K with u and x-scans and 0.5°frame width (Table 1) and corrected for polarization and Lorentz effects. An empirical absorption correction (SADABS) was applied. The cell dimensions were refined with all unique reflections. Saint Plus (Bruker Analytical X-ray Instruments, 2007) was used to integrate the frames. Symmetry was checked with the program PLATON.
The structures were solved by the Patterson method (SHELXS97). Refinement was performed by the full-matrix least-squares method based on F 2 (SHELXL97) with anisotropic thermal parameters for all non-hydrogen atoms. Hydrogen atoms were inserted in calculated positions and refined riding with the corresponding atom. In 1, 3, 4, 6-9, 11, and 12 OiPr ligands were disordered. In 6 and 12 one OiPr ligand was additionally refined for three different positions. In 6, 9, and 11 the methacrylate ligand was bridging either between Ti(1) and Ti(2) or between Ti(1) and Ti(3). Two allyl groups in 3 and one Br atom in 2 were also disordered. CCDC-1027711 (for 1), -1027712 (for 2), -1027713 (for 3), -1027714 (for 4), -1027715 (for 5), -1027716 (for 6), -1027717 (for 7), -1027718 (for 8), -1027719 (for 9), -1027720 (for 10), -1027721 (for 11), and -1027722 (for 12) contain the supplementary crystallographic data. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac. uk/data_request/cif. where P = 
